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This document has been approved for release to the public. New Zealand white rabbits were individually housed in standard rabbit cages in a room maintained at 75 ± 5 *F and 50 ± 10% relative humidity with a 12-hr light/dark cycle. Standard approved laboratory rabbit chow and water were available ad libitum.
2.2
Collection of Sperm Cells.
Semen was collected using an artificial vagina. 4 Collection frequency was no more than once every three days. A log was kept of the collection frequency and volume of semen obtained from each rabbit.
Incubation Medium.
The Defined Medium (DM) of Brackett and Oliphant was used to maintain sperm cells.
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The DM composition is shown in Table 1 . A solution of CaCI 2 and MgCl 2 was prepared separately and added to the solution of the other components. The medium was then exposed to an atmosphere of 5% C0 2 , 5% 02, and 90% N 2 and was simultaneously swirled by hand until the color changed from red to a golden orange. Following pH adjustment, this mixture was sterilized by suction filtration through a 22 pm filter and stored in the refrigerator in a tightly capped culture flask or sterile bottle. Percoll Buffer (PB) and Gradient.
The composition of PB is shown in Table 2 . Percoll (Sigma Chemical Company, St. Louis, MO) solutions were made by mixing the required amount of percoll, lOx PB, and double distilled water (e.g., for a 50% percoll solution:
5 parts percoll, 1 part lOx PB, and 4 parts water) and warming to 37 °C in a water bath. The discontinuous percoll gradient was prepared by placing the most dense percoll solution in a 15-mL graduated, centrifuge tube and carefully layering successively leqs dense concentrations of percoll solution using a pasteur pipette. The pH is adjusted to 7.4 with NaOH, and volume made up to 100 mL. Before use, 25 mg/mL of glucose and 10 mg/mL of bovine serum albumin are added.
*Sigma Chemical Company 2.5 centrifugation of Sperm Cells.
Semen from a single rabbit was centrifuged at 400-500 x g for 4-5 min at room temperature (c.a. 23 OC) to remove seminal plasma. The resultant pellet was resuspended in warm (37 OC) DM that had been gassed with a mixture of 5% C0 2 , 5% 02, and 90% N 2 to adjust the pH. The numbers of the sperm cells and particles present were determined by counting an aliquot in a Makler counting chamber (Sefi-medical Instruments, Haifa, Israel) under phase contrast optics (x 100).
The sperm cell suspension was layered onto the percoll gradient and centrifuged at 450 x g for 10 min at room temperature.
2.6
Recovery of Sperm Cells.
After centrifugation, the two most dense percoll layers and sperm pellets were combined and diluted with two volumes of warm DM. The suspension was centrifuged at 350-400 x g for 5 min. The resultant pellet was resuspended in 1 mL of DM and incubated at 37 *C under an atmosphere of 5% C0 2 , 8% 02, and 87% N 2 to maintain cell motility. The quality of sperm cell motion was subjectively assessed on a scale of good, fair, or poor. The sperm and particle numbers were measured by counting an aliquot in a Makler Counting Chamber.
2.7
Sperm Swim-Up.
For the swim-up procedure, the sperm pellet, after removal of seminal plasma, was gently covered with 2 mL of warm and gassed DM and placed in an incubator at 37 °C under an atmosphere of 5% CO 2 , 8% 02, and 87% N 2 . After 3 hr, approximately 3/4 of the upper portion of the overlaying medium was removed to determine the number of sperm cells that had migrated into the medium and the quality of their motion.
2.8
Sperm Cell Filtration.
A suspension of seminal plasma free sperm cells in warm DM (1-2 mL) was filtered through a column of acid washed glass beads (#5663, R40 (A.H. Thomas, Philadelphia, PA)] prepared in a pasteur pipette.
The beads were washed once with 2 mL of DM. The quantity of sperm cells and vesicles in the filtrate and washings was measured by counting an aliquot of the filtrate in a Makler Counting Chamber.
RESULTS
3.1 Swim-Up.
Sperm cells from six rabbits were used. Three suspensions of sperm cells were centrifuged in a 12-mL graduated, conical tube to produce a pellet of small surface area.
The remaining three suspensions were each centrifuged in a 125-by 15-mm round bottom tube to form a pellet of larger surface area. Each pellet was gently covered with 2 mL of DM and placed in an incubator at 37 0 C under an atmosphere of 5% C02, 8% 02, and 87% N 2 . After 1 hr, the bottom 3 mm of medium in one conical tube was cloudy, showing that sperm cells had migrated in significant numbers from the pellet into the medium; the motility grade of sperm cells from this rabbit (#189) was also the highest (Table 3) .
After 3 hr, the medium overlaying #189 sperm pellet was cloudy with a dense layer above the pellet.
The medium in each of the three round bottom tubes was clear, while the bottom 3 mm of medium in each of the remaining conical tubes was cloudy. The medium in all tubes was gently removed using a pasteur pipette fitted with a neoprene bulb. The quantity and quality of the sperm cells were assessed (Table  3) .
Contamination by vesicles and particulate matter in all sperm cell suspensions was considerable and was not quantified; in additon, recovery of sperm cells was poor (Table 3) . Suspension of rabbit sperm cells in DM was poured onto 2-or 4-cm columns of glass beads prepared in pasteur pipettes, and the beads were washed with DM. The quality and quantity of sperm cells in each eluate and wash were assessed by phase contrast microscopy ( Table 4) .
Recovery of sperm cells was good, but, vesicle contamination in all eluates was heavy, showing filtration through beads was unsuitable as a purification procedure. .,j -4 
3.3
Centrifugation Through Percoll Gradients.
Centrifugation of a sperm cell suspension at room temperature (23 ± 5 aC) for either 15 min at 600 x g through a discontinuous 50% (4 mL) and 75% (1 mL) or for 10 min at 500 x g through a 50% (4 mL) and 65% (1 mL) percoll gradient in 0.15 M NaCI, 0.05 M Tris-HCl, pH 7.4 was not as effective in removing contaminating vesicles. The vesicles were found as a thick band on the surface of the 50% percoll solution and in the 50% percoll solution; some were present together with sperm cells in a band at the interface of the two percoll solutions. Sperm cells were found as a pellet, but some were present in the 75% or 65% percoll solution. Sperm counts showed that recovery of sperm cells was >90% with a reduction in vesicle contamination of 85-95%. However, there was a drop in the velocity of cell motion and in the percentage of motile cells. In an effort to maintain the quality of cellular motion, the percoll gradients were prepared in a buffer similar in composition to the DM (Table 2) .
The sperm pellet obtained after centrifugation (10 min, 500 x g) through a 50% and 65% percoll gradient in this buffer was resuspended in 2 mL of DM and incubated under an atmosphere of 5% CO2, 8% 02, and 87% N 2 . Sperm counts after 4 hr showed 82% of the cells were motile, but the velocity of motion was poor; the apparent velocity of cells in the 65% percoll solution was much higher than the cells that pelleted.
This result suggests that pelleting compromises cellular activity. A pellet was not obtained when sperm cells were centrifuged for 10 min at 500 x g through a 50% (4 mL), 65% (1 mL), and 90% (1 mL) percoll gradient in PB buffer. Sperm cells were present predominately near the top of the 90% percoll layer, in the 65% percoll layer; and, some together with a small amount of vesicles, were in a thin band at the interface between the 50% and 65% percoll layers. The motility of cells in the 90% and 65% layers was excellent after 4 hr incubation at 37 OC under an atmosphere of 5% C0 2 , 8% 02, and 87% N 2 . Increasing the time of centrifugation to 15 or 20 min produced a sperm pellet, whereas few cells moved into the 90% layer after only 5 min centrifugation. Purified sperm cells were recovered from the combined 90% and 65% layers by dilution with 2 volumes of DM and centrifugation at room temperature for 5 min at 350-400 x g. Pellets were obtained when cell suspensions were centrifuged for 5 min at 500 x g, or 10 min at 300 x g. Centrifugation at 250 x g for 5 min did not produce a pellet; the supernatant was cloudy and recovery was poor.
Sperm cells from each rabbit were subjected to the procedure to establish the generality of the procedure and the suitability of the donors for further experiments. The suitability was measured by the degree to which the sperm cells survived the multiple centrifugations. The results are shown in Table 5 . 
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DISCUSSION
The success of the swim-up method is critically dependent on the degree of sperm cell activity. Good to excellent motility is required for significant movement of cells into the overlayering medium. Two additional drawbacks of this method are (l) even with cells of good motility a long incubation time is required, and (2) the yield of cells is low. Removal of most of the overlayering medium in order to improve cell recovery invariably disturbs the sperm pellet, resulting in extensive contamination with vesicles. Filtration through glass beads is much faster and cell recovery is better than with the swim-up method. Unfortunately sperm cell quality (i.e., motility) is adversely affected. Prior washing of the glass beads prevents the deterioration of cell motility; but even with this modification, contamination of the filtrate with vesicles is extensive.
The method of choice for removal of vesicles and particulate matter from motile sperm cells is by centrifugation through a discontinuous percoll density gradient. The procedure is rapid, requiring less than 1 hr, and contamination with vesicles is low with a range of 90-99.99% removal of the vesicles. Recovery of cells is good (34-91%), and more importantly, the quality of cell motion (percent motility and velocity of motion) after 4 hr incubation at 37 OC in an atmosphere of 5% C0 2 , 8% 02, 87% N 2 following centrifugation is as good as control cells that had not been centrifuged. Although the quality of motion of centrifuged cells was not as good as control cells after a further 16-18 hr incubation, the vesicle-free cells would be suitable for the automated computerized study of cell motion by the "Cell-Soft" system (Cyro Resources Limited, New York, NY).
CONCLUSION
Contaminating vesicles and particulate matter may be removed from rabbit sperm cells by centrifugation through a percoll density gradient. Purified cells remain motile without significant loss of motion quality for a minimum of 4 hr after configuration. These cells are suitable for study of cell motion by the "Cell Soft" automated and computerized system.
